The Perseus Arm is the closest Galactic spiral arm from the Sun, offering an excellent opportunity to study in detail its stellar population. However, its distance has been controversial with discrepancies by a factor of two. Kinematic distances are in the range 3.9-4.2 kpc as compared to 1.9-2.3 kpc from spectrophotometric and trigonometric parallaxes, reinforcing previous claims that this arm exhibits peculiar velocities. We used the astrometric information of a sample of 31 OB stars from the star-forming W3 Complex to identify another 37 W3 members and to derive its distance from their Gaia-DR2 parallaxes with improved accuracy. The Gaia-DR2 distance to the W3 Complex,2.14 +0.08 −0.07 kpc, coincides with the previous stellar distances of ∼ 2 kpc. The Gaia-DR2 parallaxes tentatively show differential distances for different parts of the W3 Complex: W3 Main, located to the NE direction, is at 2.30
INTRODUCTION
The Milky Way is a benchmark to understand the structure and evolution of spiral galaxies in details. However, the position of the Solar system, embedded into the Galactic disc, makes it difficult to determine the precise structure of the spiral arms.
In the past decades, most of the Galactic spiral structure studies relied on the position and Galactocentric distance of different sources derived from their radial velocity and inferring a model for the Galactic rotation curve (e.g. the standard Galactic rotation curve based on hydrogen emission from H ii regions by Georgelin & Georgelin 1976 and Brand & Blitz 1993 ; star-forming complexes by Russeil 2003 , high-mass star-forming regions from Reid et al. 2014 ; and red clump giants from López-Corredoira 2014). Recently, Reid et al. (2014 Reid et al. ( , 2016 reported a view of the spiral structure of the Milky Way based on distances derived from trigonometric parallaxes of masers in high-mass starforming regions. A complementary view of the Galactic spiral structure, based on the molecular content of high-mass star-forming regions, is presented by Urquhart et al. (2014, see their Fig. 6 ). Hou & Han (2014) combined the data ob-⋆ E-mail: navarete@usp.br (FN) tained for a large number of H ii regions, giant molecular clouds and 6.7 GHz methanol masers to derive a comprehensive model for the galactic rotation curve and spiral arms distribution. Up-to-date, the above-mentioned works correspond to the most accurate Galactic rotation curve models available in the literature.
The assumption of a Galactic rotation model (commonly refereed as kinematic method) relies upon several assumptions of the geometry and motion of the Galactic disc. For instance, the orbits are assumed to be circular, and deviations from circular orbits are often induced by dynamical processes in the Galaxy, such as the propagation of winds from high-mass stars (Kudritzki & Puls 2000) , shocks from supernovae explosions (Zhou et al. 2016) , or fluctuations in the gravitational potential (Junqueira et al. 2013) . The combination of these effects can result in large non-circular velocities, leading to unrealistic farther kinematic distance determinations. The catalogue of Galactic complexes of H ii regions from Moisés et al. (2011) indicates that half of the structures have kinematic distances larger by a factor of two than their corresponding non-kinematic distances, mostly derived from spectrophotometric analysis and trigonometric parallaxes.
Spectrophotometric distances are often obtained through spectral type classification of stars using photome-try and spectroscopy in the optical or near-infrared (NIR) (e.g. Hanson et al. 1996 . This method requires a reasonable modelling of the interstellar medium reddening and an accurate calibration for the spectral type of the stars (e.g. Hanson et al. 2005) . The reddening and the spectral classification correspond to the major sources of uncertainty of the spectrophotometric technique. The scattering on the calibration of the absolute magnitudes of O-type stars (∆K = ± 0.67 mag) translates into an error of 30% over the distance of each source (Blum et al. 2000) . The uncertainty on the reddening arises from the impossibility of evaluating the local interstellar medium (ISM) for each region. Since there are different reddening laws available in the literature (e.g. Cardelli et al. 1989 , Stead & Hoare 2009 and Damineli et al. 2016 , two extremes are often adopted for obtaining a mean reddening correction and its uncertainty.
On the other hand, distances derived from annual trigonometric parallaxes are not dependent on any modelling of stellar or ISM parameters, offering a direct estimate of the distance to the source. In the past decades, Very Long Baseline Interferometry (VLBI) observations have been used to measure the parallax of maser sources with unprecedented accuracy (of about 3%, Xu et al. 2006 ). The available angular resolution of VLBI measurements (about 0.01 milliarcseconds at 22 GHz, Hachisuka et al. 2006 ) have favoured the study of the Galactic spiral structure based on bright maser sources.
The Perseus arm is the nearest spiral arm from the Sun, located at the Galactic anti-centre direction. The complex of H ii regions W3 (hereafter, W3 Complex) is one of the most prominent star-forming regions located in the second Galactic quadrant (ℓ ∼130 • ) and associated with the Perseus arm, offering an excellent opportunity to determine the distance to this spiral arm using both kinematic and non-kinematic methods.
The W3 Complex is located in between the famous Heart and Soul nebulae, in the Cassiopeia constellation. The nebulae are powered by the W5 and W4+W3 radio sources, respectively, and covers a region of about 5.5 × 4 degrees in the sky. These active star-forming H ii regions trace the Perseus spiral arm in the Galactic anti-centre direction. The existence of at least three stellar clusters -IC 1848 in W5 (Hoag et al. 1961) , IC 1805 in W4 (Vasilevskis et al. 1965) , and IC 1795 in W3 (Ogura & Ishida 1976 ) -combined to the relatively low ISM extinction makes this site strategic to study the formation of massive stars because its distance is prone to be determined with high accuracy.
Previous non-kinematic distances to these stellar clusters, especially IC 1805 (in W4), indicate values in the range of 2.3-2.4 kpc (Kwon & Lee 1983; Massey et al. 1995; Sung et al. 2017) , while the distance to IC 1848 (W5) ranges from 1.9 to 2.2 kpc (Becker & Fenkart 1971; Georgelin & Georgelin 1976; Chauhan et al. 2011) . Also, the kinematic distance to W5, d ∼ 3 kpc, is about 1.5 times larger than its stellar distances (Ginsburg et al. 2011) .
The distance to the W3 complex was derived from its stellar content in the optical (Humphreys 1978) and in the near-infrared (Navarete et al. 2011) , leading to values around d ∼ 2.2 kpc, in agreement with the non-kinematic distances to W4 and W5. The distance to W3 was also derived by using high-angular resolution from VLBI observations to measure the trigonometric parallaxes of maser emis- Imai et al. 2000; R03 -Russeil 2003; H06 -Hachisuka et al. 2006; X06 -Xu et al. 2006; N11 -Navarete et al. 2011; R14 -Reid et al. 2014; W18 -Wenger et al. 2018. sion sources (e.g. H 2 O or CH 3 OH), leading to distances of d ∼ 2.0 kpc (Hachisuka et al. 2006; Xu et al. 2006) . However, the kinematic distances to W3, ranging from 2.9 to 4.2 kpc Russeil 2003, respectively) , are systematically larger than those obtained from the non-kinematic methods mentioned above. Table 1 summarises the distances reported in the literature for the W3 Complex. When available, the table also indicates the corresponding sub-structure of the W3 Complex studied in each case.
Most studies of the W3 Complex have focused on its high-density layer (HDL) (e.g. Feigelson & Townsley 2008; Navarete et al. 2011; Bik et al. 2012) , which is believed to be the result of the expansion of the H ii region driven by the cluster IC 1805 (i.e. the Heart Nebula), located in W4, into the W3 Giant Molecular Cloud (GMC) (Lada et al. 1978) . The HDL of W3 comprises a variety of H ii regions at different evolutionary stages, and a total of 105 OBtype stars were spectroscopically confirmed as W3 members (Kiminki et al. 2015) . The W3 Complex corresponds to the central part of the HDL, and is divided into three main substructures: the central IC 1795 cluster, W3 Main located to the NW direction, and W3(OH) to the SE direction.
An O6.5 V star (BD+61 411) lies at the centre of the W3 Complex, corresponding to the main source of the IC 1795 cluster (hereafter, W3 Cluster). The W3 Cluster is the most prominent structure of the W3 Complex at optical wavelengths with a population of about 2,000 stellar objects (Roccatagliata et al. 2011) , and is one of the oldest clusters (Oey et al. 2005, 3-5 Myr,) within W3. The cluster is located at the central position of an expanding super-bubble with a radius of ∼ 9 ′ , suggesting that the feedback from its star-forming activity triggered the subsequent star-forming events on the other sub-structures, such as W3 Main and W3(OH) (see Fig. 2 ).
W3 Main is located to the NW direction of the W3 Cluster and is an extended star-forming region, exhibiting a large number of infrared sources and H ii regions at different evolutionary stages. Bik et al. (2012) investigated the OB stellar population of W3 Main, identifying 15 OB stars with spectral types between O5 V and B4 V. Those authors derived an age spread of 2-3 Myr for the W3 Main region, where the most massive star (IRS 2) is already evolved while other high-mass YSOs (e.g. IRS N1) are still deeply embedded in ultra-compact H ii regions. Moreover, Bik et al. (2012) reported that only in the hyper-compact H ii region IRS 5 the early-type stars are still surrounded by circumstellar material. X-ray observations of the pre-main sequence population of W3 Main (Feigelson & Townsley 2008) indicate that the whole structure has a spherical distribution with an angular diameter of ∼ 12 ′ , about twice the size inferred from near-infrared maps.
W3(OH) is a slowly expanding shell-like H ii region with velocities of 3-5 km s −1 (Kawamura & Masson 1998) , located to the SE direction of the W3 Complex. This region is well-known regarding its stellar population (Bik et al. 2012 ) and maser emission (Menten et al. 1988; Ojha et al. 2004; Hachisuka et al. 2006; Xu et al. 2006) . The presence of early B-type stars at the Main Sequence (Navarete et al. 2011 and Kiminki et al. 2015) indicates that W3(OH) had a relatively recent star formation episode.
Thanks to the second release of the Gaia mission (hereafter, Gaia-DR2, Gaia collaboration et al. 2016 Gaia collaboration et al. , 2018 , accuracy values closer to those obtained with VLBI measurements in the radio domain is now extended for targets visible at optical wavelengths. Indeed, the parallax errors for individual sources in the W3 Complex ranges from 0.02 to 0.16 milli-arcseconds (mas). In this study, we used the Gaia-DR2 measurements of the W3 Complex OB stellar population to infer a more precise distance to that region and to disentangle the distances to the sub-regions within the W3 Complex.
This manuscript is organised as follows. In Sect. 2, we present the sample of known OB stars in the literature associated with the W3 Complex and new candidate members selected in our analysis. In Sect. 3, we analyse the Gaia-DR2 parallaxes and we determine the distance to the W3 Complex, together with the evaluation of the distance to each sub-region of the complex. In Sect. 4, we compare our results with previous studies. Our conclusions are summarised in Sect. 5.
DATA
2.1 Known members of the OB stellar population of W3
A total of 48 OB stars within the W3 Complex, centred at RA = 02:26:32.4, Decl. = +62:00:27 and covering a ∼ 20 ′ ×20 ′ region, were investigated and classified by Navarete et al. (2011 ), Bik et al. (2012 and Kiminki et al. (2015) and their properties are listed in Table 2 . The majority of sources (the numbers are given in parenthesis) are found within the three main sub-structures of the W3 Complex: W3 Main (10), W3 Cluster (8), and W3(OH) (4). The last 9 OB stars were classified as field stars associated with the HDL region. Although these objects are confirmed members of the W3 complex, they are not likely associated with any of the former sub-structures.
The cross-match between the sources listed in Table 2 with the Gaia-DR2 catalogue can lead to doubtful associations since the positions of both lists are not given for the same epoch. Fortunately, the Gaia-DR2 provides the crossmatch between its sources with external large dense surveys, including the Two Micron All-Sky Survey (2MASS, Skrutskie et al. 2006) . Thus, we used the 2MASS IDs listed in Table 2 to search for the corresponding Gaia-DR2 coun- terparts in the TMASS_BEST_NEIGHBOUR table of the Gaia-DR2 archive. Then, we downloaded the Gaia-DR2 data from the main catalogue. From the initial list of 48 OB stars, only 36 sources have complete information in the Gaia-DR2 catalogue (i.e. position, proper motion and parallax) required for the present study. The resulting list is presented in Table 3 and the Gaia-DR2 sources are indicated in Fig. 2 , together with the vectors indicating the direction and magnitude of their proper motions.
We followed the recommendation of Lindegren et al. (2018b) , we checked the goodness of the astrometric solution of each source by evaluating the re-normalised unit weight error parameter (RUWE), and keeping only those sources with RUWE ≤ 1.4. Figure 1 presents the parallax over error ratio (π/σ π ) as a function of the RUWE parameter for all the Gaia-DR2 objects in the sample. The distribution of the points indicates that the adopted criterion was sufficient to separate sources with good astrometric solutions from those associated with either negative parallaxes or relatively large uncertainties (#4, #7, #33 and #34, see Fig. 1 ). In addition, the source #22 was also excluded from the sample due to the large uncertainty on its parallax (π = 0.97 ± 0.66 mas). These procedures led to a final sample of 31 OB stars with reliable Gaia-DR2 parallaxes measurements. Figure 2 exhibits the large-scale K s -band map (at 2.16 µm) of the central 20 ′ ×20 ′ region of the W3 Complex, extracted from the 2MASS image archive 1 . The Gaia-DR2 sources are overlaid on the map, together with the vectors indicating the direction and magnitude of their proper motions. Figure 3 presents the cumulative distribution of the proper motions in the right ascension and declination axis, and the parallaxes of the OB stars. The distributions of the proper motions are shifted towards negative values, indicating that most of the Gaia-DR2 sources are moving in the NW direction. The parallaxes are located within 0.3 and 0.7 mas, and the naive inversion of their individual values leads to distances in the range of 1.4-3.3 kpc.
We evaluated the weighted mean mean astrometric pa- (1) ID of the source; (2) identification of the OB star based on the name given in the referenced catalogues; (3) right ascension; (4) declination; (5) spectral type; (6) association with a sub-region of the W3 Complex; (7) references for the properties of the OB stars: N11 - Navarete et al. 2011; B12 -Bik et al. 2012; K15 -Kiminki et al. 2015; (8) 2MASS counterpart; (9) offset between the Gaia-DR2 and the 2MASS counterpart.
rameters of W3 and its sub-regions as:
where the weight, w i , is defined in terms of the uncertainty of the parameter p:
The error of the weighted mean was obtained by considering the uncertainty on each measurement of the parameter and the spatial correlation between the position of the stars:
where V(θ ij ) is the spatial covariance function between Table 3 . Gaia-DR2 information of the OB-type stellar population of the W3 Complex. Table 2 ; (2) Designation from the Gaia-DR2 DR2 catalogue; (3) angular separation between the 2MASS and the Gaia-DR2 coordinates; (4) right ascension of the Gaia-DR2 source (in decimal degrees); (5) declination of the Gaia-DR2 Source (in decimal degrees); (6) proper motion on the α-axis and its error; (7) proper motion on the δ-axis and its error; (8) total proper motion and its error; (9) parallax and its error from the Gaia-DR2-DR2 archive; (10) G-band magnitude; (11) BP-RP colour index; (12) Re-normalised Unit Weight Error (RUWE); (13) sources flagged with an * were removed from the analysis based on the RUWE selection criterion (RUWE ≤ 1.4) to remove sources with poor astrometry.
sources i and j, defined as:
with θ ij being the angular separation between sources i and j, A = 1 (for i = j, V(θ) = 1), and ∆ℓ = 0.5 • is defined by Lindegren et al. (2018a) . The weighted mean proper motion of the OB stellar population is −0.786 ± 0.055 and −0.520 ± 0.062 mas yr −1 and the mean parallax is π = 0.442 ± 0.041 mas (with no zero-point correction, see Sect. 4.1). These values are indicated in Fig. 3 as the solid and dashed lines.
New members of the W3 Complex based on Gaia-DR2 data
We selected a larger sample of candidate members of the W3 Complex based on the astrometric parameters of the well-known OB stars present in the same region. At first, we have selected all the 2249 Gaia-DR2 sources located within the FOV presented in Fig. 2 which also satisfied the RUWE ≤ 1.4 criterion (see Sect. 2.1). Then, we narrowed the sample to 99 sources by selecting only those objects with proper motions within the range between ±5σ from the weighted mean proper motion values of the OB stars, that is, −1.06 ≤ µ α cos (δ) ≤ −0.51 mas yr −1 and −0.83 ≤ µ δ ≤ −0.21 mas yr −1 .
These sources were associated with parallaxes with a larger distribution range (from −1.6 to 1.3 mas) when compared to the parallaxes of the OB stars (0.30 to 0.69 mas). Thus, selected only those objects with parallax measurements within a 3-σ limit from the weighted mean parallax value (i.e. 0.319 ≤ π ≤ 0.565 mas), leading to a sample of 45 objects. This selection contains eight of the sources listed in Table 3 and 37 new objects. Table 4 lists the properties of the 37 additional Gaia-DR2 objects. The association between the 31 confirmed members of the W3 complex and the 37 new candidates selected based on the criteria defined above lead to a final sample of 68 Gaia-DR2 sources.
We performed a two-sample Kolmogorov-Smirnov test to check test whether the two distributions are different (i.e. the OB star population -see Sect 2 -and the Gaia-DR2 selected sources -see Sect. 2.2). The samples are considered statistically different if their KS rank factor is close to 1 and associated with a probability value, p smaller than 0.05 (p-values of 0.05, 0.002 and < 0.001 represent the ∼2-, 3-and > 3-σ confidence levels). The results are summarised in Table 5 . We found that the KS rank factors are about ∼0.3 for the proper motions, indicating a relatively small difference between the distribution of the OB stars and the sources listed in Table 4 . The KS rank factor for the parallax is even smaller, KS = 0.12 and associated with a high p-value (p = 0.95), indicating a non-significant difference between each distribution. These results support that both the known OB stellar population of W3 and the new Gaia-DR2 candidate members of W3 are similar in terms of their astrometric information.
Finally, we associated the new sample of 68 stars with the sub-regions of the W3 Complex by using the same position criteria indicated in Fig. 2 . We found that 16 sources are within W3 Main, 20 are associated with W3 Cluster, five are located in W3(OH), and 27 are likely not associated with any of the former sub-structures (field stars).
RESULTS

Systematic effects on Gaia-DR2-parallaxes
According to Lindegren et al. (2018b) , the systematic errors in the Gaia-DR2 parallaxes are estimated to be less than 0.1 mas. The published uncertainties of the Gaia-DR2 parallaxes correspond to internal errors only and do not consider systematic or external errors (Lindegren et al. 2018b,a) . By following the recommendation of Lindegren et al. (2018a), (5) proper motion on the α-axis and its error; (6) proper motion on the δ-axis and its error; (7) total proper motion and its error; (8) parallax and its error from the Gaia-DR2-DR2 archive; (9) G-band magnitude; (10) BP-RP colour index; (11) Re-normalised Unit Weight Error (RUWE). the total uncertainty on the parallax, σ π , is a combination of the internal parallax error (σ i ) and an external error (σ e ), given by:
where k = 1.08, and σ e depends on the brightness of the source (σ e = 0.021 mas for G ≤ 13 mag, and σ e = 0.043 mas for G > 13 mag). Similarly, the total error of the proper motions and position were also evaluated using Eq. (5), with σ e = 0.033 mas yr −1 or 0.066 mas yr −1 (and in case of the position, 0.016 mas or 0.033 mas) for G ≤ 13 mag or G > 13 mag, respectively.
Another systematic effect in the Gaia-DR2 parallaxes corresponds to the existence of a global zero-point (ZP) correction of their values, which should be applied to all parallaxes before any further interpretation of their results. For the analysis of the W3 parallaxes, we adopted the ZP correction derived by Graczyk et al. (2019) , π ZP = −0.031 ± 0.011 mas, based on the analysis of an all-sky sample of 81 galactic eclipsing binary stars. The effects of different ZP offsets on the Gaia-DR2 parallaxes are further discussed in Sect. 4.1). Table 6 are presented in the top left corner of each panel and are indicated by the solid and dashed vertical red lines, respectively. The threshold used for selecting the larger sample of Gaia-DR2 objects are indicated by the dotted red lines (corresponding to 5-and 3-σ for the proper motion and parallaxes, respectively).
Weighted mean astrometric parameters
After correcting for the global zero-point, the parallaxes of the stars ranged from 0.335 to 0.718 mas. Using Eqs. (1) and (3), we evaluated the weighted mean parallax of the W3 complex and its error as π = 0.473 ± 0.041 mas considering only the OB stars, and π = 0.477 ± 0.044 mas when considering the larger sample of 68 stars. Similarly, we obtained the weighted mean position and proper motions of the W3 and its sub-regions. These values are reported in Table 6 , together with the corresponding distances using the naive inversion of the parallaxes. However, the evaluation of distances by inverting parallaxes is only valid in the absence of uncertainties. That is not the case for Gaia-DR2 parallaxes since they have intrinsic uncertainties provided in the Gaia-DR2 catalogue and are also affected by systematic errors as previously mentioned in Sect. 3.1. For this reason, we adopted a Bayesian inference method to derive the distance to the W3 complex and its sub-structures. The description of this method and the results are presented as follows.
Distance to the W3 Complex
The distance to the W3 Complex and its sub-structures were calculated by following the tutorials provided in the Gaia-DR2 archive 2 (see, e.g. Luri et al. 2018, hereafter L18) . We adopted the Exponentially Decreasing Space Density (EDSD) prior from Bailer-Jones (2015, hereafter, BJ15), given by:
where r is the distance and L is the length scale of the distribution. We adopted the standard value L = 1.35 kpc from Astraatmadja & Bailer-Jones (2016) , which was also used for estimating distances from Gaia-DR2-DR1 parallaxes. We note that the EDSD prior is appropriate for the general, old Galactic population, which has a different spatial Galactic distribution when compared to the young stellar population of the Galactic disc. For this reason, we tested our results using a self-gravitating, isothermal Galactic disc prior by Maíz-Apellániz (2001) , based on the analysis of Hipparcos data of the Galactic OB stellar population . The tests indicate that the usage of one prior or another has not substantially changed our results (for details, see Appendix A).
To account for the correlation between each member of the W3 complex, we used the multiple-source Bayesian Inference procedure from the Gaia-DR2 archive, which assumes that the position (α, δ), the parallax (π) and its error (σ π ) are correlated quantities. Figure 4 exhibits the probability density function (PDF) of the distance to the W3 complex using the EDSD prior and considering all the 31 OB stars selected as described in Sect. 2.1. We note that the PDF exhibits a slight asymmetric profile, elongated towards larger distance values. For this reason, BJ15 and L18 adopted the median and a 90% confidence interval (5% and 95%) for evaluating the distance and its errors. However, the errors on the previous distance estimates for W3 are based on a 1-σ interval (roughly corresponding to a confidence interval of 68%). Therefore, we adopted a narrower, 68% confidence interval to better compare our results with those available in the literature (see Table 1 ).
The median value and the 1-σ (68%) confidence interval of the PDF shown in Fig. 4 correspond to the distance of 2.23 +0.15 −0.14 kpc. This value is relatively larger than the distance derived from the naive inversion of the mean parallax of the OB stars, d = 2.11 +0.20 −0.17 kpc, shown as the solid red line in Fig. 4 . We note that the accuracy of the distance evaluated using the Gaia-DR2 parallaxes and the Bayesian inference Notes: The columns are as follows: (1) sub-region of the W3 Complex; (2) number of sources; (3) mean right ascension and the corresponding error (in degrees); (4) mean declination and the corresponding error (in degrees); (5) mean proper motion on the right ascension direction and the corresponding error (in mas yr −1 ); (6) mean proper motion on the declination direction and the corresponding error (in mas yr −1 ); (7) mean parallax and the corresponding error (in mas); (8) Table 6 .
method is around 7% at 1-σ, closer to the accuracy of the distances derived from radio parallax measurements (about 3%, e.g. Hachisuka et al. 2006; Xu et al. 2006 ) than those obtained through, e.g., the spectrophotometric method (less accurate than 10%, see Table 1 .) Figure 5 presents the PDF of the distance to each substructure of the W3 complex, obtained using the EDSD prior and considering only the OB stars within the corresponding black box presented in Fig. 2 . The distances derived from the PDFs are listed in Table 6 . In the top panel, we present the PDF of the distance to W3 Main, located in the NW region of the W3 Complex (see Fig. 2 ). The PDF exhibits a broad profile, extending from 2.0 to ∼ 3.2 kpc. The median and the 1-σ confidence interval of the PDF leads to the distance of d = 2.46 +0.25 −0.21 kpc. The distance to W3 Main is relatively larger than the distance inferred for the whole W3 Complex (overlaid as the blue curve), suggesting that this sub-region is likely located at the outer edge of the W3 Complex. The PDF of the distance to the W3 Cluster is offset towards smaller distances and is relatively narrower when compared to the observed for the W3 Main. The median and the 1-σ confidence interval of the PDF leads to the distance of d = 2.07 +0.18 −0.15 kpc to the W3 Cluster. The distribution probability of the distance to W3(OH) exhibits the broadest profile shown in Fig. 5 , ranging from ∼ 1.4 to ∼ 2.9 kpc. The distance to W3(OH), d = 2.00 +0.30 −0.23 kpc, places this sub-region at the nearest side of the W3 complex. Compared to the other sub-regions, the larger errors on the distance of W3(OH) may be caused by the relatively small sample of stars (only four) with measured parallaxes. Finally, the PDF of the distance to the OB stars classified as field stars is shown in the bottom panel of Fig. 5 . These stars are confirmed members of the W3 complex but are not clearly associated with the former sub-regions. Despite that, and assuming that these stars are indeed members of W3, their position and parallaxes are still correlated. The distance derived from their PDF is d = 2.19 +0.23 −0.19 kpc. Figure 6 presents the PDFs of the distances based on the larger sample of 68 Gaia-DR2 objects (see Sect. 2.2). The plots also indicate the distances and their errors obtained using the OB stars and presented in Figs. 4 and 5. The top panel indicates that the distance to the W3 Complex is d = 2.14 +0.08 −0.07 kpc when considering the larger sample. we found that the distance using the larger sample is determined with higher accuracy (from ∼7 to ∼4%) when compared to the distance obtained with the OB stars, d = 2.23 +0.15 −0.14 kpc (see Fig. 4 ).
As previously found in Fig. 5 , the distances to each subregion of the W3 Complex using the large sample of Gaia- Figure 5 . PDF of the distance to each sub-region of the W3 Complex, based on the sample of OB stars. From top to bottom: W3 Main, W3 Cluster, W3(OH), and sources located out of the regions above. The distance and its errors are derived from the median of the PDF (vertical line) and the 1-σ (68%) confidence interval (shaded area). For comparison, the PDF considering all the OB stars and its median distance are presented as the blue curve and the vertical blue line, respectively. DR2 objects also indicate that they are located at different positions within the high-density layer of W3: W3(OH) is at the inner edge of the W3 Complex, at 2.00 +0.29 
DISCUSSION
Previous works have reported the distance to the W3 Complex based on the individual distances of a few stellar objects (e.g. Humphreys 1978; Navarete et al. 2011) , or based on the trigonometric parallax of maser sources (e.g. Xu et al. 2006; Hachisuka et al. 2006 ) located in W3(OH). The trigonometric parallax is the most direct estimate of the distance to an object and does not require any assumptions. On the other hand, methods such as the spectrophotometric analysis require a good interpretation of the physical parameters of the sources and the conditions of the interstellar medium in the line-of-sight. The Gaia-DR2 second data release offers the unique opportunity to derive the distance to the W3 Complex in the optical range with closer accuracy of the distances obtained through trigonometric parallax of masers in the GHz regime (∼3%, e.g. Hachisuka et al. 2006 Figure 6 . PDF of the distance to the W3 Complex and its subregions based on the larger sample of Gaia-DR2 sources located in the following regions (from top to bottom): the whole sample (W3), W3 Main, W3 Cluster, W3(OH), and sources located out of the regions above (field). The distance and its errors are derived from the median of the PDF (vertical line) and the 1-σ (68%) confidence interval (shaded area). In each panel, the median distance and its error derived using the OB stars are indicated by the solid and dashed lines, respectively.
and Xu et al. 2006) . Despite of that, we note that the accuracy achieved by Gaia-DR2 is still not high enough for beating, for example, the quality of VLBI trigonometric parallax measurements. By the time Gaia-DR3 or DR4 arrives, the accuracy of their measurements might be similarly accurate or even surpass the VLBI measurements.
The distances derived from the Bayesian inference method using the Exponentially Decreasing Space Distribution prior from BJ15 are systematically larger than those obtained from the naive inversion of the weighted mean parallaxes (see Table 6 ). The adoption of other priors, such as the self-gravitating isothermal Galactic disc from Maíz-Apellániz (2001) leads to similar distances than those derived using the EDSD prior (see Appendix A). As our final results, we adopted the distances derived using the larger Table 7 . Global zero-point offsets available in the literature for Gaia-DR2 parallaxes. sample of Gaia-DR2 W3 members (Sect. 2.2), the EDSD prior and the Bayesian inference method, since it takes the uncertainties of the individual parallax measurements into account, and this prior has been widely used by the Gaia team. In Sect 4.1, we further discuss the influence of the zeropoint correction of the Gaia-DR2 parallaxes on our results. The analysis of the Gaia-DR2 parallaxes indicates that the sub-regions of the W3 Complex are likely located at different distances in our line-of-sight. These results are discussed in Sect. 4.2. Finally, we compare the distances to W3 based on the Gaia-DR2 parallaxes with previous estimates from the literature in Sect. 4.3.
Dependency of the zero-point correction on the distance determination
The major source of systematic errors on the Gaia-DR2 parallaxes is related to the zero-point correction. Lindegren et al. (2018b) reported that the Gaia-DR2 parallaxes are systematically smaller than the real values. They derived a zero-point correction of π ZP = −0.03 mas, adopted by the Gaia-DR2 Team as the global ZP offset for the entire Gaia-DR2 catalogue. Despite that, recent works based on the study of different type of Galactic objects have reported larger ZP offsets, between −0.08 and −0.05 mas (e.g. Riess et al. 2018 , Zinn et al. 2018 and Stassun & Torres 2018 , suggesting that the parallaxes measured by the Gaia-DR2 are even smaller than predicted by Lindegren et al. (2018b) . More recently, Graczyk et al. (2019) analysed a sample of 81 eclipsing binaries with measured Gaia-DR2 parallaxes and obtained a global ZP offset of π ZP = −0.031 ± 0.011 mas, confirming the value suggested by Lindegren et al. (2018b) . In Sect. 5 of Graczyk et al. (2019) , those authors comment on the discrepancy of the ZP correction adopted by the Gaia-DR2 Team and those obtained by other authors. They claimed that such differences are either affected by systematic effects on the relations used for modelling the stellar parameters that are difficult to assess, or are merely specific for a particular region of the sky (e.g. Zinn et al. 2018 derived a ZP offset based on a sample of objects located in the Kepler field at RA ∼ 19:23:00, Decl ∼ +44:30:00). Table 7 summarises the recent Gaia-DR2 zero-point corrections available in the literature, together with the targets and the region of the sky used for each analysis. We further tested the influence of the ZP correction on the distance to the W3 Complex by using the parallaxes of all the OB stars listed in Table 6 , and adopting three extreme cases: a) no ZP-correction, b) the ZP correction from Lindegren et al. (2018b, −0.030 mas) , and c) the extreme case derived by Stassun & Torres (2018, −0.082(33) mas) . Figure 7 presents the PDF of the distance to the W3 Complex after zero-point correcting using the offsets stated above. We found that the PDFs are systematically offset towards smaller distances as a function of the ZP value. The median distances and the 1-σ uncertainties are: (a) 2.39 +0.17 kpc. These results indicate that the ZP correction plays a critical role in the correct evaluation of the distances based on Gaia-DR2 parallaxes, especially for distances at kiloparsec scales, such as the case of W3.
4.2 The three dimensional structure of the W3 complex and its hierarchical star formation history kpc, respectively. The projected position on the sky combined with the distance of W3 Cluster places the oldest structure of the HDL (3-5 Myr Oey et al. 2005) at the centre of the W3 Complex. In a larger context, the three dimensional structure of the W3 Complex is consistent with the hierarchical scenario proposed by Oey et al. (2005) and Román-Zúñiga et al. (2015) , who suggested that the W3 Cluster (IC 1795) triggered the star-forming process and consecutive formation of W3(OH) and W3 Main, located at the edges of a shell surrounding the W3 Cluster. These regions have ages of about 2-3 Myr (Navarete et al. 2011; Bik et al. 2012) and are actively forming stars (cf. Bik et al. 2012 and Román-Zúñiga et al. 2015) . In addition, Oey et al. (2005) also suggested that the W3 Cluster formation was induced by an earlier burst of star formation in the W4 region, from which the first event of star formation occurred about 6-10 Myr ago. Table 1 with those derived from the Gaia-DR2 parallaxes using the methodology of BJ15 (see last column of Table 6 ). The distances from the literature, reported in Table 1 , are indicated right below the Gaia-DR2 distance to each W3 sub-structure. The Gaia-DR2 distance to the W3 complex, d = 2.05 +0.10 −0.09 kpc (indicated by the blue solid line), is compatible within 1-σ with most of the previous nonkinematic distances. Excluding the distances derived from the trigonometric parallax of maser sources (e.g. Hachisuka et al. 2006 and Xu et al. 2006 ) the error bars of the Gaia-DR2 distance to the entire W3 Complex is significantly smaller than the distances obtained from other works. In addition, the most accurate distances based on the annual parallax of maser emission sources in W3(OH) (1.95 ± 0.04 and 2.04 ± 0.07 kpc) are in agreement with the Gaia-DR2 distance to W3(OH), d = 2.07 +0.19 −0.16 kpc, derived using the parallaxes of 5 OB stars associated to that region.
The agreement between the distances available in the literature and the relatively more accurate Gaia-DR2 distance allow us to confirm that the OB-type stars listed in Table 2 are indeed high-mass stars located at distances of around ∼ 2 kpc.
In a large-scale context, the distance to W3 is also consistent with the distances to the massive clusters located in W4 (IC 1805) and W5 (IC 1848), at distances of 2.3-2.4 (Sung et al. 2017 ) and 1.9-2.2 kpc (Chauhan et al. 2011) , respectively. These three complexes cover a considerable portion of the Perseus arm of about 3 degrees (from 134 • to 137 • ) in the Galactic anti-centre direction, allowing us to set a firm location of the Perseus spiral arm with high confidence.
At a distance of ∼ 2.1 kpc, the mean proper motion of the W3 Complex ( µ α cos(δ) = −0.786 ± 0.055 mas yr −1 and µ δ = −0.520 ± 0.062 mas yr −1 , see Table 6 ) leads a to linear velocity of 10.4±0.9 km s −1 roughly oriented in the SW direction. We evaluated the mean proper motion of the W3 complex in Galactic coordinates using the transformations available in Sect. 3.1.7 of the Gaia-DR2 Documentation release 1. Such velocities indicate that the W3 Complex has a relatively large tangential motion perpendicularly to the Galactic plane, suggesting that W3 is likely moving out from the Galactic plane. To confirm this scenario, stellar radial velocity measurements are required to properly evaluate the three velocity components UVW in the Galactic coordinate system.
The radial velocity of the gas in the direction of W3 is about −45 km s −1 (Xu et al. 2006) , which depending on the adopted rotation curve, translates into kinematic distances between 2.9 kpc Reid et al. (2014) and 4.2 kpc Russeil (2003) . Xu et al. (2006) reported a difference of ∼ 15 km s −1 between the rotation velocity of W3(OH) and the velocity expected from Galactic rotation models (e.g. Brand & Blitz 1993) . By combining the velocity components on the other directions, those authors found that the peculiar motion of W3(OH) is about 22 km s −1 . The decomposition of the peculiar motion lead to a tangential velocity of about 15 km s −1 , which is about twice the tangential velocity of ∼ 8 km s −1 , perpendicular to the Galactic plane, that we found for the whole sample of stars from the W3 Complex (see Sect. 4.2).
W3 is not an exception in terms of peculiar motions or divergence between kinematic and non-kinematic distances. Similar behaviour as that observed in W3(OH) was previously detected in other regions of the outer second quadrant of the Galaxy, where streaming motions with velocities of 15-20 km s −1 are well-known (Brand & Blitz 1993; Digel et al. 1996) . Baba et al. (2009) presents a list of star-forming regions that exhibits peculiar motions with velocities between 20-30 km s −1 . Later, Moisés et al. (2011) compared the spectrophotometric and kinematic distances of 35 star-forming regions located at different directions in the Galactic plane. Those authors found that about half of their sample is located at a closer distance than their kinematic distances. More recently, Choi et al. (2014) presented a large-scale study of the distance and proper-motions of star-forming regions in the Perseus arm leading to the conclusion that, in average, the spiral arm is rotating slower than expected from Galactic rotation models. In general, the divergence between the radial velocity predicted by the rotation curves and the observed velocities can be explained by internal pro- cesses within the star-forming regions, such as the local stellar winds from high-mass stars (Kudritzki & Puls 2000) , or can be caused by external processes, such as the interaction between supernovae and GMCs (e.g. the HB 3 and W3, see Zhou et al. 2016) , or fluctuations in the Galactic gravitational potential (Junqueira et al. 2013 ).
CONCLUSIONS
We investigated the Gaia-DR2 parallaxes of the OB stellar population of the high-density layer of W3, located in the Perseus Arm, to infer the distance to the complex of H ii regions and its main sub-structures. Based on their astrometric parameters, we selected 37 new objects that are likely associated with W3.
(i) Based on the parallaxes of 68 sources and the Exponentially Decreasing Space Density prior from Bailer-Jones (2015) , the distance to W3 was estimated in 2.14 +0.08 −0.07 kpc, in agreement with previous distances determined through trigonometric parallaxes of masers or spectrophotometric analysis. The distance to W3 based only on the initial sample of 31 OB stars is 2.23 +0.15 −0.14 kpc.
(ii) Kinematic distances of the W3 complex are roughly a factor of two larger than the distance obtained from Gaia-DR2 parallaxes or distances derived from other nonkinematic methods. Even when adopting different Galactic rotation curves (e.g. Russeil 2003 and Reid et al. 2014) , the kinematic distances of the W3 complex range between values of 2.9 and 4.2 kpc, with uncertainties up to 0.7 kpc.
(iii) We further derived the distances to the three main sub-structures of the high-density layer region of W3. The analysis of their distances based on the parallaxes of the OB stars tentatively suggests that they are located at different distances in the line-of-sight. The larger sample of Gaia-DR2 sources corroborates this hypothesis with relatively greater accuracy: W3 Main (to the NW) is located at the outer edge of the W3 Complex (iv) We computed the distance to W3 using the selfgravitating isothermal Galactic disc prior (Maíz-Apellániz 2001) which is specific for the population of OB stars in the Solar neighbourhood, and confirmed our results obtained with the Exponentially Decreasing Space Density prior (Bailer-Jones 2015) . Both priors return consistent results for the W3 Complex due to its location within the Galactic disc.
